metal NPs by biological synthesis route. The biosynthesis of metallic NPs using plants, bacteria, fungus, algae, seaweeds, mushrooms, polysaccharides, peptides and industrial waste has been reported earlier [8, 9] . Hence, few literatures are available with respect to the synthesis of bimetallic NPs such as Ag-Au [10] [11] [12] , Au-Pd [13] , Ti/Ni, Fe/Pd [14, 15] . Currently, monometallic NPs have received less attention in the biomedical industry because of the increasing multidrug resistant pathogens [16] . The different metal compositions of NPs can effectively control the growth of multi drug resistance pathogens [17, 18] . The Au and Ag metals have a long historical background for controlling chronic diseases and also enhancing the health and metabolic functions of the human body. These metallic NPs used in various biomedical and commercial applications such as antimicrobial agents, wound dressing, sunscreens, paint emulsifiers, eyeglasses, sports equipment and cosmetics [19, 20] .
Commelina nudiflora is a common weed plant belonging to the Commelinaceae family. The plant is commonly referred as dove weed. The plant is distributed in Malaysia, India and China and other countries of South East Asia. Traditionally, the plant decoction used for the treatment of antidermatosis and stomach ache. C. nudiflora is a potential source of nutrients, as it contains flavonoids, saponins, alkaloids, phenolic compounds that serve as the nutrient source for human and animals. C. nudiflora has varied medicinal importance, especially in Nigeria, the plant is using for the poultice for sore feet [21] . In this work, we investigated the biosynthesis of Au-Ag alloy bimetallic NPs using C. nudiflora ethanolic extract and its activity against oral pathogenic microorganisms.
Materials and Methods

Chemicals and Glassware Used
Analytical grade chemicals AgNO 3 , HAuCl 4 , HCl, NaOH and KBr were purchased from Sigma Aldrich (USA) and volumetric solutions prepared according to the reaction conditions. The solutions were prepared using double distilled water throughout the experiment.
Plant Broth Preparation
One gram of the fresh whole plant C. nudiflora was chopped and boiled in 90 ml of distilled water. Further, 10 ml of ethanol was added and stirred at 60 °C for 15 min. Subsequently, the boiled broth was filtered by 0.22 µm membrane filter. The obtained broth was used for the Au-Ag alloy NPs synthesis.
Synthesis of Au-Ag Alloy Bimetallic NPs
The bimetallic Au-Ag solutions were prepared in the following ratio 1:2:2 (plant extract:tetrachloroaurete:silver nitrate). The final solution was made as follows: 40 ml of HAuCl 4 ·3H 2 O (10 − 3 M), 20 ml of ethanolic plant extract was added followed by a 40 ml of AgNO 3 (10 − 3 M) solution was added and the mixture was stirred for 20 min at room temperature. The Au-Ag NPs solution pH was 6.5 [22] . The mixed solutions were gradually changed its colour from green to pink due to the high quantity of Au formation in the solution. Thus, the complete reduction reaction occurred within 2 h. Also, the different concentrations of plant extract, metal concentration and pH were used to optimize the reaction conditions and produced diverse size and shapes of Au-Ag bimetallic NPs.
Physicochemical Characterization of Au-Ag Bimetallic NPs
The bimetallic Au-Ag nanoparticle redox reactions were confirmed using the UV-Vis absorption spectra. The UV-Vis spectra were recorded on a spectrophotometer (T80 UV/VIS spectrometer PG instruments Ltd, China) using a quartz cuvette with 10 cm resolution. field emission scanning electron spectroscopy (FESEM) and energy dispersive X-ray spectroscopy (EDX) were executed using (JEOL 7800F, USA) thermal field emission SEM with LED filter and accelerating voltage 10.0 kV. The synthesized Au-Ag alloy bimetallic NPs size and shape distribution were acquire by transmission electron microscope (TEM) (JEOL 1200EX) and the potential stability of synthesized bimetallic NPs were studied by Zetasizer Nano ZS (Malvern Instruments Ltd., London, UK). Biosynthesized Au-Ag alloy crystalline nature were measured using X-ray diffractometer (RIGAKU MINI FLUX II, Japan) with Cu Kα radiation source (λ = 1.5415 Å) at 30 kV, 15 mA with scanning speed at 1°/min. Further, the fine Au-Ag bimetallic powder was subjected to FT-IR spectrometer measurement (Perkin Elmer Spectrum 100, USA). The prepared thin pellet samples were scanned at wavenumber of 4000-500 cm − 1 with a resolution of 4 cm − 1 .
Antimicrobial Activity by Well Diffusion Method
In-vitro antimicrobial efficacy of Au-Ag alloy NPs was analysed against oral pathogenic bacteria such as E.coli, P. aeruginosa, B.subtilis by agar well diffusion method. Initially, 100 µg/well of Au-Ag alloy NPs used to determine the zone of inhibition (ZOI) against bacteria. The selected bacteria were inoculated on the nutrient agar (NA) plate, respectively and then 100 µg Au-Ag alloy NPs were loaded onto the wells. The negative control well containing the plant extract alone was used. Then, the ZOI were measured for bacteria after 2 days of incubation, accordingly.
Antimicrobial Activity by Microdilution Method
The Au-Ag bimetallic NPs (200 μg/ml) were taken into nutrient broth and then serially diluted with respective broths by two-fold serial dilution method (200-1.5625 μg/ ml). Further, 10 μl of fresh bacteria cultures were added into each tube. Then, the tubes were incubated at 37 °C for 24 h for bacteria growth. After, incubation period, the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were quantified by colony counting method.
Results
In this study, mixtures of HAuCl 4 and AgNO 3 and plant extract were used to synthesise the Au-Ag NPs. After mixture, the medium colour is turned to dark pink from pale yellow. It indicates that, the plant extract based alloy Au-Ag NPs have been synthesized in the solution. The bioreduction rate was monitored by UV-Vis spectroscopy at different time of intervals. Figure 1 shows the absorbance spectrum at λ max = 560 nm, which indicates the Au-Ag alloy NPs synthesized in the solution. The UV-Vis corresponding spectrum demonstrates the dominance of the AuNPs formation in the solution than AgNPs. Here, we noted broad wavelength SPR (surface plasmon resonance) between 500 and 560 nm. The Au-Ag alloy NPs formation attained endpoint level at 30 min. This data indicates that the mixture of HAuCl 4 and AgNO 3 metal ion solution enhanced NPs formation than the individual metal ion solution in the presence of plant extract. Figure 2 shows FESEM image of biosynthesized Au-Ag alloy NPs. The morphology of synthesized Au-Ag NPs was the spherical, rod and triangle. The average size of the spherical Au-Ag NPs ranged between 20 and 80 nm. Whereas, the other shapes such as triangular, and rod were size ranged at 80 nm. However, the different morphology of the Au-Ag alloy NPs is due to the room temperature, lower pH and concentration of plant extract and metal ion in the synthesis medium. The elemental composition of Au-Ag alloy was analysed by EDX is shown in Fig. 3 . The EDX spectra showed more than 80% equally Au and Ag metals, along with other 20% comprising of carbon, nitrogen and oxygen in the sample. These C, N and O elemental compositions possibly originated from the plant extract. Besides, TEM images obtained by the biological derived Au-Ag bimetallic NPs showed clearly the mixture of shapes in the sample and spherical shapes were predominant with sizes ranges of up 20-80 nm (Fig. 4) .
The Au-AgNPs crystalline growth was confirmed by XRD analysis. Figure 5 shows the powder XRD pattern of Au-Ag alloy NPs. The diffraction peaks 2θ = 38.5° corresponding to (111) plane was observed as a high active peak in the lattice single, it's evidence that Au-Ag alloy NPs crystalline in nature. Besides, other related active intense peaks at 44.49° (200), 65.06° (220) and 77.62° (311) were noticed from XRD graph, it explains the corresponding Au-Ag alloy NPs crystalline in the sample. indicates the C-O stretching vibration of alcohol/ ethers. These functional molecules are principally responsible for the Au-Ag alloy NPs formation. Zeta potential measurement revealed that the surface charge and stability of the biosynthesized Au-Ag bimetallic NPs shown in Fig. 7 . The average ZP value of −17.2 mV shows that the biomolecules present on the surface of Au-Ag bimetallic NPs that mainly comprised of negatively charged groups in the sample and also responsible for the surface charge and stability of bimetallic NPs. In addition, the synthesized sample did not show any sedimentation when stored for 30 days at room temperature, indicating that the Au-Ag alloy NPs are stable in a short period of time. Also, the active ingredients substances which are present in the plant extract could act as reduction reaction and stabilize the bimetallic NPs for a reasonable period of time.
We analysed the anti-microbial activity of synthesized Au-Ag alloy NPs by the well diffusion method. The results showed that Au-Ag treatment inhibits bacteria growths at the concentration 100 μg/ well (Fig. 8 a1) . Further, we investigated the mode action of Au-Ag alloy NPs at different concentration (200-1.5625 μg/ml) on the pathogenic bacteria. The MIC and MBC values for E.coli, and P. aeruginosa were 25 and 50 μg/ml, respectively. The B.subtilis had higher sensitivity in Au-AgNPs among the tested bacteria which are 12.5 μg/ml inhibited bacteria growth more than 80% within 24 h (Fig. 8 a2) .
Discussion
The reduction of gold-silver ions to Au-Ag alloy NPs was confirmed by changes in the colour of the synthesis medium. Initially, the both Au and Ag atom get started to aggregate to form nuclei in the medium. The nucleation of AuNPs is much faster than that of silver. The faster growth of NPs is assisted by the strong hydrogen bonding, which is associated with the bioactive metabolites that are found in the plant extract [23] . Previously, we have analysed the chemical constituents and antioxidant activity of different solvents extract of C. nudiflora. The data exhibited that aqueous extract of C. nudiflora had the higher amount of total phenolic and flavonoids which may be involved in the production of NPs [24] . Mondal et al. [25] reported that the Au-Ag bimetallic NPs exhibit a single plasmon resonance at the intermediate position between the Au and Ag corresponding region. The higher concentrations of Au, Ag metal salt solution (>4 mM) and pH leads to make a bigger particle size and aggregation. But, the lower concentration of Au and Ag salt could increase the monodispersed particles in the synthesis medium [26] . The UV-Vis absorption spectra showed that single surface plasmon resonance band at 548 nm, indicating Au-Ag alloy NPs was formed in the synthesized solution [27] . The Au-Ag alloy NPs formation attained endpoint level at 30 min, whereas our previous report indicated the individual reduction of HAuCl 4 and AgNO 3 was noted at 2 h [24] . The intensity of the Au-Ag surface plasmon band is quite distinct and clear; a well-defined single band was noticed. On the other hand, no distinct UV-Vis bands were seen for Au and Ag NPs in the bimetal synthesized medium. Moreover, in all the cases, the absorbance bands are located at the intermediate position of those for monometallic Au and Ag NPs SPR bands at 540 and 430 nm respectively. Similarly, Mondal et al. [25] reported that the simultaneous reduction of Ag(I) and Au(III) ions in aqueous mahogany extracts produce a homogeneous bimetallic alloy nanoparticle with single absorption band. The pH of the final synthesis medium was 6.5 at t = 0, where, the Au and Ag synthesized from 1:1 molar mixture of Au 3+ and Ag + ions. The XRD pattern of the Au-Ag alloy metallic NPs revealed five intense peaks (111), (200), (220), (311), and (222) at 2θ = 0-80°. The major peak (200) plane was definite the Au-Ag alloys are crystalline in nature [28] . Similarly, Sun et al. [29] reported the XRD exhibits strong peak at 35.45° corresponding to (111) plane which confirmed that Au-Ag bimetallic NPs.
The FT-IR profile suggested that Au-Ag alloy formation responds to different biomolecules such as proteins, phenolic and saponin. The plant metabolites are mainly acting as stabilizing and capping agents in Au + and Ag + reduction reactions. FT-IR peak shifts were identified in the region of 1540-1535 cm − 1 , which indicate the presence of the amine, and aldehyde, it plays a key role in the bimetallic NPs formation [30] . The plant metabolites are the major contribution to preventing the aggregation of alloy NPs in biosynthesis methods [31] . Similarly, Aloysia triphylla leaf extract has a composition rich in flavonoids and terpenoids, which is potent substance act as reducing and stabilizing agent in production bimetallic NPs. Therefore, these secondary metabolites provide the hydrogen from the OH bonds, which in turn transfer the electrons to reduce metallic ions to the alloy bimetallic NPs [32] . The individual biomolecules such as starch, flavonoids and phenolics may act as potential reducing and stabilizing agents in the production of Au-Ag alloy bimetallic NPs. The mechanism of gold-silver alloy NPs formation depends on the reducing agent employed in the plant extract. The formation of larger Au/Ag bimetals and different morphology are due to the various reasons. Firstly, the reduction rate of Au ion is faster than the Ag ion; therefore, AuNPs are initially formed in the synthesized medium. Then, AgNPs were assembled onto the surface of the AgNPs. The mechanisms are possible due to the interactions of hydrogen bonds and electrostatic interactions between the bioactive metabolites and the Au and Ag ions.
Many of the bacteria are get resistance against commonly used antibiotics in recent years. It is a very serious health problem in the worldwide. Combating the drug resistant pathogenic organisms is the crucial challenge for developing drugs. Therefore, we need to discover the suitable drug for controlling or killing the pathogenic organisms. Nowadays, the NPs are acting as good antimicrobial agents because of its nanosized particles can easily penetrate into the cell and accumulation of envelope proteins which results in blocking the cell respiration and causing cell death. Plants are emerged as potent sources for the production of NPs because of its ecofriendly nature. In this study, Au-Ag bimetallic NPs were synthesized from weed plant C. nudiflora. This plant mediated NPs exhibited significant MIC&MBC values against tested bacteria at the ratio of 2:1 MBC:MIC. Generally, MBC:MIC ratio of pathogens is 1:1-2:1 that substances are considered as strong bactericidal agents against pathogenic organisms [33] . The biosynthesized alloy NPs have the outstanding activity; it is supposed to be responsible for the bioactive substances in the extract. The bimetallic alloy NPs against pathogenic bacteria may inducing the leakage of ions and loss the energy production in bacterial cell leading to cytolysis and ultimately cell death [34] . Kim et al. [35] reported the positive charge of Ag ion electrostatically binds with the negative charge of cell membrane of microorganism and eventually the cell outer membrane was damaged and cell death occurs. In contrast, Sondi et al. [36] proved that the antimicrobial activity against bacteria and fungi was dependent on the concentration of Ag, Au NPs. Therefore, the higher concentration of NPs exhibited better activity than the lowest concentration. The edible weed plant synthesized a stable Au-Ag alloy NPs that is capable in controlling effectively the oral pathogenic bacteria activities in in-vitro.
Conclusion
In conclusion, the bio-reduction of bimetallic salts (HAuCl 4 /AgNO 3 ) has been successfully reduced by C. nudiflora ethanolic extract in 30 min. The C. nudiflora aqueous extract acts as a rapid stabilizing and capping agent at the optimum temperature of 37 °C and pH 6.5. The FESEM and EDX characterization were proved that Au-Ag alloy nanoparticle in the triangle and spherical in shape; more than 80% of the Au-Ag composition is present in the sample. The Au-Ag alloy NPs average size was found to be in between 20 and 80 nm. In addition, the synthesized Au-Ag alloy NPs exhibited a good bactericidal activity against tested oral pathogenic bacteria. The present data suggested that the C. nudiflora is a suitable source for bimetallic salts reduction, which acts as the potent bactericidal agents in the near future.
